In this study we present ultrasonic laboratory measurements of P-& S-wave velocity and attenuation on novel, synthetic, "fractured" (penny shaped voids), sandstone samples saturated with three different viscosity pore fluids. The synthetic sandstone was found to be a very realistic analogue for natural, silicacemented, porous sandstones, with the advantage of having a controlled fracture geometry. Comparison of the shear-wave splitting results to the fracture density of the rock (obtained from X-ray CT image analysis), confirms that shear-wave splitting is a robust measure of fracture density in high porosity, silicacemented, sandstones and is independent of the saturating fluid viscosity.
Introduction
Extracting geological information from seismic data requires the use of equivalent-medium theories. These theories are used to estimate fracture and fluid properties within reservoir rocks. For this reason, validation of such theories is of utmost importance.
In this study we present laboratory measurements on a novel, synthetic, "fractured" (penny shaped voids), sandstone samples ( Figure 1 ) saturated with three different viscosity pore fluids. The synthetic sandstone was found to be a very realistic analogue for natural, silica-cemented, porous sandstones, with the advantage of having a controlled fracture geometry. Comparison of the shear-wave splitting results to the fracture density of the rock (obtained from X-ray CT image analysis), confirms that shear-wave splitting is a robust measure of fracture density in high porosity, silica-cemented, sandstones and is independent of the saturating fluid viscosity.
Laboratory results
Synthetic sandstone samples were analysed using helium porosimetry for porosity and grain density, nitrogen permeametry for Klinkenberg corrected permeability, X-ray diffraction for mineral composition and SEM imaging for an estimate of grain size and sorting. Fractured cores were X-ray CT scanned to obtain fracture size, density and distribution. SEM imaging showed well sorted sand grains (mean diameter 120 μm) and a relatively even distribution of cement between the grains. XRD analysis showed that the composition of the whole rock was >90% Silica (SiO 2 ). The porosity (≈ 30%), permeability (≈ 30 mDarcy) and grain density (2590 kg/m 3 ) are comparable with natural high porosity sandstones. Image analysis of X-ray CT scan data was used to calculate the fracture density (ε) of the fractured sample. The rock samples were measured air dry, saturated with de-aired deionized distilled water and saturated with glycerin.
Figure 1: Blank synthetic silica-cemented sandstone sample (left) and corresponding synthetic sample with vertically aligned penny-shaped voids (right).
Initial results in Figure 2 using the ultrasonic pulse-echo system confirm that shear-wave splitting is a robust estimate of fracture density and agrees with theory that predicts that fracture density should be 100ε and independent of saturating fluid viscosity (Hudson 1981) . This is in agreement with previous studies carried out on less realistic synthetic rocks (Ass'ad et al. 1992 , Rathore et al. 1995 , Tillotson et al. 2010 ). 
Conclusions
Laboratory validation of theoretical models of seismic wave propagation in fractured porous media requires synthetic rocks with controlled fracture properties; the fractures should closely resemble the idealised shapes and distributions used in various theoretical models. To date there have only been a handful of published experiments of this nature, but all suffer from results on somewhat unrealistic synthetic rocks. Experimental ultrasonic results on our newly developed and realistic synthetic silica cemented sandstones with meso-scale, penny-shaped voids further confirm that shear wave splitting is a good indicator of fracture density in porous rocks, regardless of pore fluid type.
